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ABSTRACT 



An apparatus for imaging and displaying a blood stream 
state of an eye to be tested. A laser beam is first irradi- 
ated onto an eye to be tested. And light reflected from 
an irradiated area on the eye is detected and information 
about the reflected light is stored. And second, the 
bloodstream state of the eye are calculated on the basis 
of the information, the imaged results are displayed on 
a display means of the apparatus. At the same time, a 
pulse wave of a person to be tested is detected by a pulse 
wave detecting means, the wave shaped of the pulse 
wave is displayed by a display controlling means, which 
controls to display the measuring time and portion of 
the bloodstream state compositely on the present wave 
shape. 

5 Claims, 5 Drawing Sheets 
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measujing device for onJitie ineasurenimt qf the diameter 
qfre&nalyessels in relation to time and locdhns along the 
vessel It is SurSvsrmore provided with several tools for 
ea^c^tg ^ measured d^i^ fimdaimntoL 
con^nentsf consist <f a fundus camera wiih CCD 
measuring camera attached and an advanced vnage- 
processing unit The ineasui-ement range is. from 90 fm^ 
temporal resolution is 40ms m^d measurement resolution is 
less ^lan Ifim, Systematic error of non-linearity is S^,6%, 
repwductbility is given by variation coefficient: short term 
vci=h5%, longtennvciv=:2,8%' 
(Supp. BMBF- 13N7999) 

Keywords— RVA, Retimt, MicrocUmUaiot^ Vsssd 



Whereafi BBveral othea: resBarch groups vrorldng in tiiB fidd 
of iraafie based retinal diagnostics perfonn singlB imagp 
analysis dynamic regulation processes in microciicuktion 
only become assessable by continuous measuring mstliods. 
RVA enables the measurement of the dynamic beteior of 
the vessd diameter [1], fherewifh providiiig a suitaWte tool 
for several diagnostic and research applications. 
An essential part of the RVA is tlie fondus camera CEB450, 
Zeiss Jena, Gecmany). This optical instrument enables 1h© 
exarmnadon of the background area of the eye. B; 
ijicorpoiates two optical pathways, the ill iirnmafio n 
pathway and the ohservatiou pathway. Both of ton- use 
die (dilated) pupil as an entrance to the patient's eye. The 
illumination light reflected by the differeait layers of the 
retina is delivered to an observation ocular and the 
mfflffiiyfng cCD-camaa simiiltBnBDusly. When passing the 



Yes?ffls jb liie bgekgTQtwtf pf oiie part of light is 

absorbed by &e red blood ceSs. Cboosing &e appcopnate 
iUunHoafion wavdes^gfh big vessels can be easily ddiected 
in the retina's hnagB, ■ • • 



Materials and Methods 

RVA as a tool for retinal diagnosis and research is per- 
fonning two major tasks: firstly creating the data basis of 
measured values and secondly the analysis of those 
measurements. In Hg. 1 the pxinciple seti:^ of the device is 
shown. 



Introduction 

In &e field of retinal diagnosis there is an increasmg 
demand fir eariy recognition of pathological changes. One 
piondsing way is the observation of the dynardc bdhavior 
of tbie vessds in &e letina. Vessd diameter is considered to 
play an in^wrtant loile within fee auto regulative 
mechanisms. It is the adjustuig dement of the local 
r^iulafton and fbrfhonnQre .a point of attack: for 
pathDlog!cai» age idatsd or th^apeitic changes. 
iDiagfiDGtiC' ralevBSt infbxmation may be obtained by 
pcovocadng the re&ial miccodiculation and measunng 
vessel diameter response to that provocation. A dedicated 
analysis of the measurement z^ts gives an insight into 
different antx3 regulative mediamems, viAidi compensate 
jfor disturbances of or dranflnds on ntoodrculBlion. 
Changes in auto regulative reserve couM be used for eady 




Kg. 1 RVA Principle Sett^ 

RVA-De£dgn 

An essential part of the RVA is the fiandus camera (RP450, 
ZisisB Jena, Gemsany). This optical instnunent enables the 
e3fflm!natibn of the backrgcotmd area of the esy&. It 
incorporates two optical pathwaD^» the ill nm i n a tio n 
pathway and the observation pathway. Both of Hem use 
the (dilatedt) |RipU as an entrance to the patient's eye. Tbs 
illumination EgSht reflected by the difBarent layas of flie 
retina is imaged to the noeasudrig Ca>cameiB.* "When 
passmg the vessels in &e background of the eye one part of 
light is absorbed by d:^ zed blood cells, Qtoosmg the 
appropriate illuminalion wavelength big vessds- can be 
detected m the retina's image. 

A CC3D-nieasuring cam applied to the optical pathway of 
the fimdus camera provides both the RVA control com- 
puter and a SVHS recorder with a standard video sigpaL 
Video recording of a session enables subsequent ofBine 
measurements on the same session later onu 
Two monitors come hito operation. One displays the data 
and the actual user interface, the other one provides a live 
view of the todus allowing the selection of a particular 
measuremaot area Ihe RVA computer is controlling all 
connected devices and runs the reguked softwaie package 
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consisting of niBasiizemsiit and analy^ . pxogi:ains< a 
database system and the WimgBoftwm* 
To adufive an optimum jponfrast for vessel visualizaiipn a 
special green filtea: is inserted into the iHuminalion pa&way 
of tbe flmdus camera. Qluminalion source is tti& consnon 
hebgen bulb of the camBca. 

As an option the systm can be equipped witii one of 
sevraal possible provocation mediods, e.g; intraocalar 
pzessius enhancQoicnty pure oxygen bi&Btbmg or flitto 
£g}it Additional anploi: inputs of tho RVA compufco: can 
r^fd data "torn tt^ose piovocational syptoms to txapk the 
couEse of piDvocBiion Ssr analysis pmposes. 

RVA Measaring Priudple 

To explain iht caeasuiing piinciple of Uie RVA some 
zemarks regarding the vessel structure and the oidgin of 
the vessel image aie necessary. BIuminatiQn lig^t fiom 
the fundus caniMa ^itBiing the eye's pupil is reflected 
• by tiie retina. The vessels on the suif ace of Hie retina axe 
jEiZled yiAih blood absorbing a certain amount of Ihe 
rejSect&d light lE^. 2 shows the vessel structure in 
principle. 

■ • - •„ fj: ;../Vi^g^'^^tKt^Mii^^ • • _ 




Fig. 2 Vessel Diameter Definition 



Insid& vessel walls that are invisiblB fbr the fundus 
camera uadex imaging conditions, there is tiie column of 
red bloqd ceOs, E is separated fiom the walls by the plasma, 
edge stream. Ideal conditions assumed a homogenous 
distribution of the led Hood cells results into the ideal 
di£fiise leflectbg brighfness profile. In ie.Bli1y 1hei» axe. 
B&/&£aL disturbances of that model e.g. shado^^g 
structures from the background or regular refleclians on 
the vessd sui&ce leading to real reflecting bz^ifness 
profile. Measurement algorithms of the RVA assess vessel 
diameter fiom brightness profiles and have to compensate 
for disturbances. In gen^ adaptive algozithms of tiie 
RVA peiibmi the Mo vKiDg task^ 
» Detection of a vessel 

> Assessment of &e photometric center of gravity of the 

distance between' Ihe vessel edges. 
" Collection of vessel sloping position. 



" Monitoring of general image quality and vessel 

attributes to assure reasonable measurements. 
A definition for the vessel diameter measured 1^ the RVA 
can be given as: RVA measures the diameter of the column 
of red blood cells. By way of contrast the distance from 
wall to wall is defined as vessel width, as assessed fbr 
instance by means of fluorescence angiogt^Mes. 

RVA - easQxiDg Frocedure 

. Before a measurem^t session on tbe RVA can be started 
the fundus camoca has Id be properly adjusted to ^ 
patient's mydriatic eye. The Hfb monitor should di£^y a 
fundus image of good contrast without lefiections. The 
examination method and duration is selected. To decrease 
the amount of acquired data the ten^oral resolution can be 
set to values M^^er than 40ms, Ai!lBr defining the ' 
measurem^t area by draggusg a region of interest over'a 
vessel on tiie life monitor tbe measurement can be started 
by mouse didc By means of a fixation target the patient's 
vl&vmg dkcction should be guided in such a way tiiat the 
vessels to be measured are dose to tbe c&oiesr of the live 
image. If the measuremcait area contains more ttian one 
vessel the diamrfCT: is detennined for eveiy particular 
vessel' Bimutfanrously. Dudi^ msasuvement- diamefia: 

jMjortiie^sd^ is^disgdajjad 

monitor. 

RVA -Data Bads 

Continuous xecoiding of &e- vessel diameter during a 
measurement session results in a nKasuring fTnfa basisi 
available for fiiriher analyds after the end of the 
measure^ment It can be displayed in a diagram likse shown 
in Fig. 3. 




Pig. 3 RVA Data Basis (Dashed line: Local Course 
Representation of Vessel Diameter) 

"With a tenoporal resolution of 40 ms one mean diainster 
value firom 10 pixel columns is assessed and tiie location 
along the vessd is ateed randomly. Therefore three 
dimenfaons represent tbe run of the vessel diameter along 
the vessel location as well as sUxmg tii& time course. As an 
exampb the dashed Jine in tiie diagram shows Ihe mean 
run of tbe diameter indde a given time peiiod between to 
points on a vessel that comespond to the points inside li^ 
measurement area on a &ndus image. Displaying that part 
of tiie RVA data basis in a two dhnensional diagram results 
in tiie local course view like shown inHg; 4. 
Constrictions and Dilatations on the vessel sectiou can be 
detected tiiaCw^. 
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controlling means for znakins the display means display 
APPARATUS FOR DISPLAYING A njeasumg time portion compp^t^y m the ppfep 

BIOODSTREAM STATE wave. 

In an apparatus for displaymg a blDodstream jstate 
BACKGROUND OF THE INVENTION 5 according to the inventioni a laser beam is irradiated 

1, Reld of the Invention Jw»to wi eye to be tested end light reflected from the 
This invention relates to an apparatus for two-dimen- irradiated area on the ^e is detected and information 

slonally imaging and displaying a bloodstxeBm state of a aboot the reflected Hght is stored* The bloodstream 
retina, an iris and so forth by measurement of a laser state of the eye is calculated on the basis of the stored 
beam and consideration of a change of the bloodstream information, the imaged calculations are displayed on 
based on a change of a pulse wave, display means. At the same time, a pulse wave of a 

2. Description of the Prior Art person to be tested is detected by pnlie wave detecting 
One of well-known conventional methods for observ- means. The wave 'shape of the pulse wave is displayed 

ing a bloodstream state of an eye is a method by Dop- by display controlling means which controls to display 
pier effect of a laser beam reflected from a retina, and the msasming time and portion of the eye compositely 
another by photographing of spsck patterns of the rer on the present wave shape, 
fleeted laser beam. 

An appaiatUB for imaging and displajdng the blood- ^RDBF DESCRIPnON OP THE DRAWINGS 
stream state is recently beuig improved in the cause of HG. 1 shows an optical system of an apparatus for 
advantages as follows: ' . . ?D imaging a bloodstream state according to the inventjon. 

It permits of a direct observation of a bloodstream pjG. 2 shows a partially enlarged view of HG. 1. 
state in a blood vessel without injuring an eye to be pi0. 3 ehows a block diagram of a controlling section 
tested. Since a state of an obstruction in the blood vessel of an apparatus according to the invention, 
can be observed by information of the speed of blood* piQ. 4 shows a flow diagram illustrating consecutive 
stream, the bloodstream states before and after an oper- 25 p^Qgegggg Qf ^ apparatus according to the invention, 
ation for diabetic retuiitis with .tiie optical coagulation FIG 5 through FIG. S show images dm image-diBplay 
can be compared an detail; so that- an mialHbie cure- as mesflS fiCCbrdiHg to thB inventiO^i.' ' " ' 

takfin. 

It is^Efifective in'^diagnosis' of'^i^tndiseasBS-snch-as-^ Oi? PRCTBKRBD -- 

high blood pressure or arteriosclerosis on the analogy of 30 EMB ODIMBNTS 

* ^L^^^%^^^^^' ' r ' A' ^ Reference wiU now be made in detail to the presently 

It 3fi eifective in diagnosis of a circulatory disease of ^^^^^ embodiment of the invention as iUnstrated in 
an aortic syndrome, a brain circulatory disease and so accompanying diuwings. 

35 Referring to FIG. 1, the reference numbers 1, 3, 3 
BRIEF SUMMARY OF THE INVENTION designate tm illuminating system for observafion and 

A human pulse rate is tisuaHy 60 to I2D per minuteB pjotographmg. an optical system for observation and 
(orlTz perScondiStheshort^^^ ofthe photo^aphing. and an optical system for measurement, 

pulse wave has at least 500 milliseconds. Therefore, ^'^^ . . * ^ j c * 

wten the state ofthe bloodstream of an iris or a retina, 40 The illianbating system for observation and photo- 
■fer example, are imaged and displayed, the speed of graphmg I mcludes an lUuminatmg source fo^ 
bloodstr<im on the wave peaks is relatively higher than tion 4, an illuminaUng source for photographing 5, con- 
that upon the wave trough in the case of measurement denser lenses 6, 7, an infrared raysimpermeable and 
upon the peak ofthe pulse wave; conversely the speed visible rays-penneable filter 8, a ring slit 9, an obhque 
upon the trough is relatively lower than that upon the 45 10* and a relay lens 11 The sources 4 ^d 5 are 

peak in the case of measurement upon the trough. And conjugate with the condenser lens- 6, and the rmg aht 9 
acoordm^y, measurement without due consideration is-approximatdy ooirfugate with a pupil 13 of an eye to 
forachangeof the pulse wave riesults in the unreliabil"- be tested. , , . 

jjy^ The optical system for observation and photograph- 

' The average speed of bloodstream may be obtained 50 ing 2 includes an objective lens 14, adichroicmirror 15, 
by measurement during a period from the peak to the a perforated mirror 1€, a diaphragm 17, an auxiliary lens 
next peak of a p?ilse wave (or during one cycle). An an 18 for compensatmg refractive indexes, a relay lens IP, 
eye to be tested must be in afixed stare at least for one a diaphragm 19-, a condenser lens 20, a. half mirror 21^ 
minute so as to maintain the accurate measurement of a qi^^ck return mirror 22, a reticule projectfaig optical 
the bloodstream at the same height on the pulse wav^ 55 system 33, a TV camera 24, and a film 25. 
when measured. It is, however, difHcult owkg to con- Thfi dichroio muxor 15 r^eots only a laser beam of 
tinuous slightest tremors of an eye. Furthermore, the wavelength 830 am and penneates illmninating vMMe 
Operation is complicated and reqnires a skOied operator- ta^- A lightrecaving snrj&ce 2*2 of the TV camera 24 
An object ofthe favenlion is to provide an apparatus and the fihn 25 are 'coiyugate with the quick return 
fbrima^gabloodstream state capableofgahiingmost 60 mnror 22, The mirror 22 is dislocated out of the optical 
reliable measured results of a bloodstream state of aa path of the illuminating system for observation and 
eye to be tested, considering a change ofthe pulse wave photographing when photographed. He reticule pro- 
in the meantime. To accomplish it, the apparati^s com- jeoting optical system 23 includes an illuminating source 
prises pulse wave detecting means for displaying a pulse 2ff, a condenser lens 27, a reticule plate 28j and an Im* 
wave ofaperson to be tested, display means for display- 65 age-forming lens 29. A reticule image of the reticule 
ing the pulse wave together with the imaged blood- projecting optical system 23 can be received into the 
stream state on tiie ciisplay means for delaying a TV camera 24 through behalf mirror 21 and the quick 
bloodstteBm state of an eye fo be tested, and display return mirror 2% and it can be imaged on the film 25. 



